Background and Purpose-Leukoaraiosis (LA) and male sex have been associated with decreased cerebrovascular reactivity, which potentially adversely affects tissue viability in acute stroke. Therefore, we aimed to elucidate the contribution of LA-severity and sex to the extent of the hyperacute ischemic core volume after intracranial large artery occlusion. Methods-We analyzed data from 87 patients with acute intracranial large artery occlusion who had acute multimodal computed tomography-imaging. LA-severity was assessed using the van Swieten scale on noncontrast computed tomography. Computed tomography perfusion data were analyzed using automatic calculation of the mean transit time and hyperacute cerebral blood volume defects. Multivariate linear and logistic regression analyses were used to identify independent predictors of the hyperacute infarct-volume. Results-Severe LA (van Swieten Scale,(3)(4) odds ratio, 43.22; 95% CI, P<0.001) and male sex (odds ratio, 7.52; 95% CI, 1.38-40.86; P=0.020) were independently associated with a hyperacute cerebral blood volume-lesion >25 mL on multivariate logistic regression analysis. Multivariate linear regression analysis confirmed the association between severe LA (P<0.001) and male sex (P=0.01) with larger cerebral blood volume-lesions. There was no significant difference in the absolute or relative mean transit time-lesion volumes when stratified by LA-severity or sex. Women had significantly smaller cerebral blood volume-lesion volumes compared with men (P=0.036). Conclusions-Severe LA and male sex are associated with larger infarct cores, which adds to the notion that sex and LA alter the brain's intrinsic susceptibility to acute cerebral ischemia. the patient selection, collection of clinical data, and patient exclusion have previously been described in detail. 13 In brief, we included patients who had an admission noncontrast CT (NCCT), immediately followed by CT-angiogram (CTA) and CTP, all performed within 24 hours after the time of last known well. Patients without evidence of anterior circulation intracranial arterial occlusion on CTA or with nondiagnostic CTP images were excluded. All 87 included patients had a follow-up NCCT performed 24 hours after presentation. Patient demographics, admission vital signs, laboratory data, comorbidities, preadmission medications, and stroke pathogenesis (Trial of Org 10172 in Acute Stroke Treatment [TOAST] classification) 14 after completion of diagnostic work-up were collected on all patients. Time-to-CTP was defined as the time (minutes) between last known well and completion of the CTP. National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale scores were assessed at the time of presentation and at 90 days. This study was reviewed and approved by our Institutional Review Board.
T he infarct core is a critical predictor for outcome and response to thrombolysis. [1] [2] [3] [4] [5] Identifying factors contributing to core expansion is important to understand how these affect outcome, develop novel therapies, and possibly aid in risk stratification. Key factors associated with acute ischemic core expansion include the time from symptom onset, 4 collateral status, 6 and site of arterial occlusion. There is mounting evidence that sex and extent of leukoaraiosis (LA) may significantly alter cerebrovascular reserve, [7] [8] [9] [10] which translates to greater infarct growth in animal stroke models. 11, 12 Only 2 respective MRI-based volumetric analyses reported that sex 7 and LA 9 were associated with the expansion of the acute ischemic lesion. However, the potential contribution of collaterals and site of arterial occlusion location was not reported. Lastly, compared with MRI perfusion computed tomography (CT)-perfusion (CTP) is more readily available and increasingly utilized in stroke management and studying factors associated with CTP-defined ischemic core is of increasing clinical relevance.
To test the hypothesis that the severity of preexisting LA and sex are independently associated with the CTP-defined ischemic core volume, we examined the association between these factors while accounting for collateral status and site of arterial occlusion in a previously characterized patient population with intracranial large artery occlusion. 13 
Methods

Patient Selection and Clinical Data
We reviewed data from 1153 consecutive patients with imagingconfirmed diagnosis of ischemic stroke evaluated at a single academic emergency room between January 2007 and October 2010. Methods of
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the patient selection, collection of clinical data, and patient exclusion have previously been described in detail. 13 In brief, we included patients who had an admission noncontrast CT (NCCT), immediately followed by CT-angiogram (CTA) and CTP, all performed within 24 hours after the time of last known well. Patients without evidence of anterior circulation intracranial arterial occlusion on CTA or with nondiagnostic CTP images were excluded. All 87 included patients had a follow-up NCCT performed 24 hours after presentation. Patient demographics, admission vital signs, laboratory data, comorbidities, preadmission medications, and stroke pathogenesis (Trial of Org 10172 in Acute Stroke Treatment [TOAST] classification) 14 after completion of diagnostic work-up were collected on all patients. Time-to-CTP was defined as the time (minutes) between last known well and completion of the CTP. National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale scores were assessed at the time of presentation and at 90 days. This study was reviewed and approved by our Institutional Review Board.
Neuroimaging Protocol
All CT sequences were obtained on a 64 row detector Philips scanner. NCCT was performed in a nonhelical mode at 120 KvP and 200 mA with data reconstruction at 5 mm axial slices. CTA was performed using 64×0.625 mm detector configuration with a pitch of 0.673, from the arch of aorta to the vertex using 120 KvP, 300 mA, and 0.5 seconds rotation time. Patients received 60 to 80 mL of Isovue 370 (Bracco Diagnostics, Princeton, NJ) in the antecubital vein at a rate of 4 mL/s through a power injector followed by 40 mL saline. Threedimensional orthogonal maximum intensity projection images were created in 3 planes. CTP was performed with detector configuration of 64×0.625 mm at 80 KvP and 100 mAs, creating 4 slices of 10 mm thickness (total coverage 40 mm). The plane of imaging was parallel to the floor of the anterior cranial fossa starting just above the orbits. Thirty cycles were obtained every 2 seconds with a total scan time of 60 seconds.
Image Postprocessing
CTP data were analyzed utilizing a stand-alone version of CTP software developed by Philips Medical Systems (Cleveland, OH), which automatically calculated mean transit time (MTT) and hyperacute cerebral blood volume (CBV) defects as previously described. 15 The anterior cerebral artery was used for arterial input function. 16 Hemispheric volume within the CTP-slices and ischemic lesions on follow-up NCCT were measured free-hand. The following perfusion parameters were used to calculate lesion volumes (mL): MTT-lesion (>145% of contralateral normal), CBV-lesion (core below a threshold of 2.0 mL×100 g −1 ), and MTT-CBV mismatch (penumbra). 15 To account for potential differences in brain volumes, the MTT-, CBV-, and MTT-CBV mismatch volumes were also expressed relative (%) to the corresponding hemispheric volume within the CTP slices. Finally, infarct volume on follow-up NCCT and lesion growth (infarct volume on follow-up NCCT minus CBV-lesion volume on admission CTP) were calculated.
Image Review and Analysis
Admission NCCT, CTA, and CTP were reviewed independently by 2 experienced readers blinded to both clinical data and any followup scans. Disagreements in readings were resolved by consensus. Variable window width and center-level settings were used for optimal ischemic hypoattenuation detection with NCCT and CTA images. 17 Presence and extent of LA were assessed utilizing the van Swieten Scale (VSS), grading the white matter lesions for the regions anterior and posterior to the central sulcus on a 3-point scale from 0 (no LA) to 2 (confluent white matter involvement from the ventricles to the grey matter). Summing the score from the anterior and posterior region provided a total score ranging from 0 to 4. 18 In the present study, LA was separately assessed in each hemisphere, but only the score from the nonischemic hemisphere was considered after unblinding. LA was distinguished from lacunar infarcts, which were defined as a sharply marginated low-density lesion on CT without mass effect and location within a recognized arterial territory as previously described. 18 Location of occlusions within vessel segments was noted on CTA. CTA source images were used to assess for the presence of collateral vessels as previously described. 17 Briefly, leptomeningeal collaterals were graded on a 5-point scale (from 1 denoting absence to 5 denoting exuberant collaterals) compared with the unaffected side. To avoid classification bias and to minimize inter-rater variability, we also dichotomized the degree of LA (VSS 0-2 vs 3-4) and collateral status (1-2 vs 3-5) for statistical purposes.
Statistics
Weighted kappa statistics were used to determine the degree of agreement in 40 randomly chosen patients. Kappa values were interpreted to represent interobserver agreement as slight (0.01-0.2), fair (0.21-0.4), moderate (0.41-0.6), substantial (0.61-0.8), or almost perfect (0.81-1.0). 19 Continuous variables are reported as mean±SD or as median±interquartile range. Categorical variables are reported as proportions.
Between-group comparisons for continuous variables were made with unpaired t test, Kruskal-Wallis, and Mann-Whitney U test, as appropriate. Categorical variables were compared using the χ 2 test or Fisher exact test as appropriate. For the multivariate logistic analyses, initial CBV-lesion volume was dichotomized in <25 mL versus >25 mL based on reports that the 25 mL-threshold predicted the presence of tissue at risk, early neurological deterioration, response to thrombolysis, and excellent outcome. 1, 2 Recently, it has been suggested that a more stringent CBV-lesion volume of <16 mL may best predict a favorable outcome. 5 We therefore repeated all analyses using the 16 mL CBV-lesion volume threshold (secondary analysis). Multivariate logistic regression with forward elimination (probability value for elimination of 0.1) was used to identify independent predictors for hyperacute CBV-volume >25 mL (or >16 mL).
Finally, to assess predictors of the hyperacute CBV-lesion independent of a predefined lesion volume threshold we also performed univariate and multivariate (P value for elimination of 0.1) linear regression analyses.
Given their reported association with lesion size, the following additional variables were forced into the respective multivariate regression models: admission mean arterial blood pressure and admission blood glucose. A P<0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics 19.0.0.1 (IBM-Armonk, NY).
Results
Baseline Characteristics
Briefly, of 1153 patients included in the database, 87 patients had acute anterior circulation intracranial large artery occlusion with adequate image quality for analysis. Baseline characteristics are shown in Table 1 .
Interobserver Agreement
Free marginal kappa values for interobserver agreement were as follows: graded LA (VSS; κ=0.63; percentage of agreement=70%); dichotomized LA-severity (κ=0.85; percentage of agreement=93%); collateral status (κ=0.69; percentage of agreement=75%); and dichotomized collateral status (κ=0.85; percentage of agreement=93%).
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Leukoaraiosis and Sex Predict Core Volume 63 Compared with patients with absent-to-moderate LA (VSS grades 0-2), patients with severe LA (VSS grades 3 and 4) were more likely to have hypertension (P=0.028), coronary artery disease (P=0.015), higher admission NIHSS (P=0.003), worse 90-day modified Rankin Scale (P<0.001), and older age (P=0.002). There was a significant inverse association between LA-severity and robustness of collateral status as well as absolute CBV-lesion volumes, respectively (P<0.001). Figure 1 depicts the MTT-and CBV-lesion volumes of all patients stratified by LA-severity. There was no significant difference in the absolute or relative MTT-lesion volumes when stratified by LA-severity ( Compared with men, women were more likely to have atrial fibrillation (17% vs 49%; P=0.001). Women had smaller hemispheric volumes (307±35 vs 274±38 mL; P<0.001) as well as significantly smaller absolute (25±30 vs 13±23 mL; P=0.036; Figure 2C ) and relative (adjusted for hemispheric volume; P=0.044; Figure 2D ) CBV-lesion volumes compared with men, respectively. There was no significant difference in the absolute or relative MTT-lesion volumes when stratified by sex ( Figure 2C and 2D). Both sexes had significant CTP-derived absolute (P<0.001) and relative (P<0.001) MTT-CBV mismatch volumes. There were no differences in all other assessed variables (Supplemental Table 1 ). In particular, there was no intersex difference in age (66±15 vs 68±17 years; P=0.585), admission NIHSS (P=0.910), VSS (P=0.858), collateral status (P=0.699), and time-to-CTP (344±329 vs 333±173 minutes; P=0.840). 
Multivariate Logistic Regression Analysis
Multivariate Linear Regression Analysis
After adjusting for confounders, severe LA (VSS 3-4; unstandardized β-coefficient, 39.64; 95% CI, 28.55-50.73; P<0.001) and male sex (unstandardized β-coefficient, 11.55; 95% CI, 2.89-20.21; P=0.01) were significantly associated with greater CBV-lesion volumes. 
CBV indicates cerebral blood volume; NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; LDL-C, low-density-lipoprotein cholesterol; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CTP, computed tomography perfusion; IV rtPA, intravenous recombinant tissue plasminogen activator; ICA, internal carotid artery; and MCA, middle cerebral artery. 
Additional Sensitivity Analyses
To reduce heterogeneity, we reanalyzed our dataset excluding patients with distal (M2 or M3) middle cerebral artery occlusion (n=19), subjects presenting beyond 8 hours of last known well time-to-CTP (wake up stroke, n=14 or found down, n=3), and patients with M2-or M3-occlusion and a time-to-CTP >8 hours (n=31). The respective multivariate logistic (Supplemental Tables 2-4) and linear (not shown) regression analyses from these analyses confirmed significant associations between LA and sex with the acute CBV-lesion.
Discussion
The most significant findings of this study are that absentto-moderate LA and female sex independently predict small acute ischemic core (CBV)-lesion volumes. These results are important because larger acute core volumes are associated with poor response to treatment and adverse outcome. 13, 20 Recent data indicate that a cut-off value of <25 mL may indicate better response to thrombolysis, less frequent early neurological deterioration, and more frequent excellent outcome.
1,2
We have previously shown that preexisting LA is associated with worse clinical outcome in patients with intracranial large artery occlusion. 13 The mechanisms by which LA affects poststroke outcome are not entirely clear, but reduced cerebral blood flow and vascular reserve have been shown to be reduced in regions affected by LA, which is expected to reduce tissue survival in acute stroke. 8, 21 Together with experimental data, 11 our data support the theory that severe LA is associated with decreased penumbral survival, which may translate to a worse outcome. However, further study is required to establish a definite link among LA, vascular reserve, core expansion, and outcome.
LA-severity did not affect the overall extent of tissue hypoperfusion (MTT-lesion), and the relationship between CBVand MTT-lesion volumes did not change when adjusted for the hemispheric volumes. This finding is important because it indicates more rapid expansion of the core rather than of the tissue at risk in affected patients. This can be explained by the observation that LA preferentially affects deep versus superficial brain areas and largely spares the cerebral cortex. 21 Hence, in patients with similar occlusion location, collateral supply, and hemodynamics (such as in our study), the MTT-lesion is expected to remain restricted to the vascular territory of an occluded intracranial artery even in severe LA. It has been hypothesized that LA-related chronic hypoperfusion may promote the development of the cerebral collateral circulation; however, no such association was previously noted. 22 Our conflicting observation of a significant inverse relationship between LA-severity and robustness of collaterals may be related to differing methodology in ascertaining collaterals and LA as well as the fact that the former study included patients with posterior circulation strokes, who may have a different underlying pathology.
Sex differences regarding pathogenesis, presentation, treatment, and stroke outcome are increasingly recognized, which are thought to be in part related to endogenous sex steroid hormones, particularly estrogens. 23 Both young and old women have been noted to have better cerebral autoregulation compared with men. 10 In the setting of an acute ischemic stroke, this may result in longer survival of the ischemic penumbra. Indeed, similar to experimental data, we found that women had significantly smaller core volumes compared with men. 12 This contrasts with a previous report showing similar ischemic lesion volumes in men and women after intracranial large artery occlusion as assessed on CTA source images. 24 Because this approach cannot inform on different perfusion states, a direct comparison to our results is not possible. 24 More importantly, when the same group investigated the association of gender with MRI-derived lesion volumes, they noted significantly less ischemic tissue progressing toward infarction in women ≤70 years of age compared with males in the similar age strata. 7 In light of generally observed poorer clinical outcome of women, 23 our observation is intriguing because it offers a possible explanation as to why women overproportionally benefit from recanalization strategies, which may abate the usual sex differences in stroke outcome. 25 The strengths of our study are the analysis of a homogenous patient population undergoing multimodal CT-imaging and the collection of extensive clinical information. Finally, we investigated various variables that have been associated with the ischemic lesion volume in the setting of large arterial stroke. Our data expand on previous observations 10,13 by considering potential important confounders such as occlusion location, collateral status, and detailed comorbid conditions. Furthermore, we also included patients having a mismatch of <20%, receiving endovascular therapy, subsequently developing hemorrhagic conversion, brain edema, or requiring hemicraniectomy, allowing for better generalization of our results. Finally, previously used sophisticated approaches to LA volume quantification with MRI are not readily available to the majority of clinical centers and require dedicated image postprocessing, which is not feasible in the acute setting. 9 Our study has important limitations attributed to its retrospective design and to the relatively small number of included patients in our cohort. Second, CTA and CTP were obtained at the treating stroke physician's discretion, which may have biased toward the selection of patients having a favorableappearing NCCT. This may explain the lack of significant association among the time to imaging, site of vascular occlusion, stroke pathogenesis, and treatment modality with the initial core volume in the univariate analysis. Nevertheless, the impact of this would not be clinically significant because this approach represents relevant clinical practice. Third, we did not perform a volumetric analysis of LA-burden, and LA-misclassification is possible given the CT-based visual grading system. However, as noted, the LA-classification used in our study is easy to perform, had a high interobserver agreement, and does not require extensive postprocessing. 18 Fourth, the optimal parameters for identifying the acute infarct on CTP remain debated. 26 However, the widespread availability and clinical use of CTP and possibility to perform automated, rater-independent, validated volumetric measures of core and penumbra remain major advantages of this technique. 15, 16, 26 Using threshold-independent analyses such as a CTP-ASPECTS (Alberta Stroke Program Early Computed Tomography Score) may allow for obtaining additional semiquantitative data to increase the predictive power for lesion extent assessment in future studies. 26 Finally, no information regarding menopause status/hormonal therapy was available, which precludes deriving conclusions regarding the biological contribution of sex hormones to the observed findings. 
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In conclusion, our results add to the mounting evidence that sex and LA alter the brain's intrinsic susceptibility to acute cerebral ischemia. If confirmed in larger prospective studies, the observation that women had smaller core volumes may provide novel insight as to why women may overproportionally benefit from thrombolysis. Our data need to be interpreted cautiously because of the retrospective design and small cohort size and should be considered hypothesis generating for further studies elucidating the pathophysiology underlying the interaction among sex, LA, and tissue outcome. and small cohort size and should be considered hypothesis generating for further studies elucidating the pathophysiology underlying the interaction among sex, LA, and tissue outcome. 
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